SUMMARY
Pre-emptive analgesia is a recently postulated concept that suggests that an analgesic intervention given prior to the onset of a nociceptive stimulus may have a greater effect compared with the same intervention after the onset of a nociceptive stimulus. The concept of pre-emptive analgesia originates from basic science and experimental studies. In rats a noxious stimulus leads to an increase in the excitability of the central nervous system (CNS) and a subsequent stimulus evokes an exaggerated response 1, 2 . This phenomenon is termed CNS plasticity. Blocking the nerve prior to the noxious stimulus has been shown to decrease the excitability of the CNS 3, 4 . The mechanisms identified as playing an important role in central hyperexcitability are expansion of receptive fields and a decrease in thresholds of dorsal horn neurons, enhancement of responses of dorsal horn neurons and increase in dynorphin gene expression 5, 6 . Coderre et al showed in rats that heat injury causes an increase in pain sensitivity, even if the injured region is denervated shortly after injury 4 . They also showed that an intrathecal local anaesthetic given before a formalin injection abolished the exaggerated response. However, when administered after the formalin injection, it did not prevent the response. Similarly, Gonzalez et al showed that nerve block with a local anaesthetic prior to nerve section reduces the CNS plasticity 3 . These results suggest that a surgical stimulus may also lead to similar functional changes in the CNS, resulting in increased postoperative pain. If these stimuli can be prevented from reaching the CNS and producing functional changes, postoperative pain should be reduced.
However, the efficacy of pre-emptive analgesia in clinical studies demonstrates conflicting and inconclusive results. While some studies have found it to be beneficial [7] [8] [9] [10] [11] [12] others could not demonstrate any beneficial effect [13] [14] [15] . Controversy in the assessment of pre-emptive analgesia depends to a great extent on the study design 16, 17 . Factors in study design that may influence results include, a) patient selection, b) timing of pre-emptive dose, c) postoperative pain relief technique and d) duration of evaluation of postoperative pain. McQuay, while discussing the controversy presented by the results of these studies, suggested that better study design might provide more objective results 16 . This study was a prospective, randomized doubleblind trial based on the study design suggested by McQuay. The aim was to evaluate the efficacy of epidural morphine and epidural morphine combined with bupivacaine as pre-emptive analgesics.
METHODS
The study was approved by the Institutional Review Board and all patients gave informed consent. Eighty surgical patients of physical status ASA 1-3 undergoing upper abdominal and/or thoracic surgical procedures were included. Patients with a history of drug or alcohol abuse, daily intake of opioids, or suffering from major systemic illnesses and chronic pain were excluded from the study. Patients were randomized (using a random generator table) into four groups: Pre M, Pre MB, Post M and Post MB. Epidural morphine 50 µg.kg -1 in 10 ml of normal saline was given 20 minutes before induction in the Pre M and at the end of the surgical procedure in the Post M group. Epidural morphine 50 µg.kg -1 with 0.1% bupivacaine 10 mg in normal saline 10 ml was given 20 minutes before induction in the Pre MB group and at the end of the surgery in the Post MB group. Normal saline 10 ml was administered epidurally 20 minutes before induction in Post M and Post MB groups and at the end of surgery in Pre M and Pre MB groups.
All patients were given a premedication of diazepam 0.2 mg/kg orally on the night before surgery and this was repeated two hours prior to induction. Epidural catheterization was performed by an experienced anaesthetist in the lateral position with a loss of resistance technique, using a 16-gauge Tuohy needle at the L2-3 or L3-4 interspace. Instead of conventional use of a test dose with lignocaine and adrenaline to confirm the catheter placement, we used a catheter advancement technique 18 . With this method, the ability to advance a soft epidural catheter without stylet 20 cm with minimal resistance is taken as successful catheterization. The catheter was withdrawn up to 17 to 18 cm and gravity drainage of cerebrospinal fluid or blood was tested. Two preloaded 10 ml syringes were given to the anaesthetist, one for preoperative and the other for postoperative administration. One of the study investigators, blinded to the administered drug, was responsible for drug administration and postoperative follow-up.
Anaesthesia was then induced in all patients with thiopentone and intubation of the trachea facilitated with suxamethonium 1.0 mg/kg. Anaesthesia was maintained with oxygen in 66% nitrous oxide, 0.5% halothane and pancuronium. Intraoperatively analgesia was titrated according to clinical parameters such as rise in heart rate, blood pressure, and presence of lacrimation and sweating. The initial supplementation was provided with 0.1 mg/kg of intravenous morphine and subsequent doses were 0.02 mg/kg. Muscle relaxation was maintained with supplemental pancuronium 0.025 mg/kg. At the end of the procedure, neuromuscular block was reversed with neostigmine 40 µg/kg and atropine 20 µg/kg.
In the postoperative period, six-hourly visits were made and pain on deep breathing and coughing was assessed using a visual analogue scale (VAS). Pain relief was provided by epidural morphine 50 µg/kg in 10 ml of normal saline when the VAS score was more than 4. Patients were followed up for five days. Time for requirement of first dose of analgesia, total number of top-up doses, rescue epidural top-ups, average interval between top-up doses and total dose of morphine required over the period of five days were recorded.
Prestudy power analysis indicated that 17 patients per group would be necessary to have a 90% chance (β=0.1) at a 5% level of significance of detecting a 50% absolute reduction in the postoperative epidural morphine requirements (version 6.0 of Epi Info [Center for Disease Control, and World Health Organization, Switzerland]).
The age, weight and duration of surgery were analysed by one-way analysis of variance. The gender ratio was analysed by contingency table analysis. This being a 2 x 2 factorial study with two treatments and two levels, the parametric data such as heart rate, blood pressure (systolic and diastolic) were analysed by parametric factorial analysis (Friedmann two-way analysis of variance) 19 . The VAS score was analysed by the Patel Hoel test 20 . This test is based on the difference between two Wilcoxon rank sums. Pre M and Post M, Pre MB and Post MB, and Pre M and Pre MB were compared between each other for other parameters like intraoperative morphine requirement (mg), postoperative morphine requirement (mg), number of top-up doses in the postoperative period, mean interval between the top-ups (hours). Twosample "t" test was used for analysis of these data.
RESULTS
The age, sex and weight of the patients as well as the duration of surgery were comparable in all the four subgroups ( Table 1) .
The surgical procedures were thoracic procedures (n=9) (pneumonectomy, lobectomy) and upper abdominal procedures (n=71) (trans-hiatal oesophagectomy and gastric pull-up, Whipple's procedure for periampullary carcinoma excision, total radical gastrectomy for carcinoma of stomach and hepatic resection). They were evenly distributed in all the groups (Table 2) .
It was planned to test the position of the epidural catheter with 1.5% lignocaine 8 ml in patients requiring an epidural top-up within six hours. However, none of the patients had a time to first analgesia of less than eight hours and none was excluded from the study.
There was no significant difference in the mean intraoperative heart rate or blood pressure (both systolic and diastolic) between the four subgroups of patients. The intraoperative supplemental morphine requirement was significantly higher in the Post MB group when compared to the Pre MB group (P<0.003).
The mean time to first analgesic requirement (in hours) was similar in all groups (Pre M 10. The VAS pain scores postoperatively were comparable for all four subgroups. All the groups had median pain scores of less than or equal to four in the first three days. The median pain score on the fourth day ranged from 0 to 2.5 and on the fifth day was 0 in all groups (Figures 1, 2, 3 and 4) . The number of occasions at which patients received rescue analgesia between the observer visits was three in each of Pre M, Post M and Post MB groups and one in the Pre MB group.
No patient had associated complications of epidural morphine such as pruritus or respiratory depression. Urinary retention could not be evaluated as all patients had indwelling catheters, although after their removal by 24 hours, none of the patients had urinary retention.
DISCUSSION
In this study, all four groups had comparable demographics and surgical procedures were evenly distributed. The pain scores on movement were similar throughout the five-day postoperative period. We compared Pre M versus Post M, Pre MB versus Post MB and Pre M versus Pre MB groups for differences in postoperative analgesic consumption (number of epidural morphine top-ups, total postoperative analgesic consumption and mean interval between epidural top-ups).
Preinduction epidural morphine and bupivacaine, when compared to morphine and bupivacaine administered at the end of surgery, resulted in fewer postoperative top-ups, a longer interval between top-ups and a lower total postoperative morphine requirement. Preinduction epidural morphine did not show such differences when compared to morphine administered at the end of surgery. Compared to preinduction epidural morphine, preinduction morphine and bupivacaine resulted in fewer top-ups and lower postoperative morphine requirement, although the latter failed to reach statistical significance. This study shows a pre-emptive effect with epidural morphine and bupivacaine and greater efficacy with this combination compared with morphine alone.
Our study was structured to overcome the influence of study design on the efficacy of pre-emptive analgesia. Postoperative analgesia was optimal, as suggested by comparable pain scores in all four groups for five days. This increases the validity of the results of our study. The results suggest a decreased postoperative pain intensity and increased duration of postoperative pain relief after preinduction epidural morphine and bupivacaine. effect of pre-emptive lumbar epidural fentanyl on patients undergoing elective thoracotomy 10 . Caudal bupivacaine with morphine has been shown to have a pre-emptive effect in children undergoing hernia repair 12 . Our results support the findings from animal studies demonstrating the pre-emptive effect of analgesics. This is consistent with the clinical observation that pain relief provided prior to amputation reduces the incidence of phantom limb and stump pain 21 . In our study, the combination of morphine and bupivacaine was superior to morphine alone. This combination may produce a synergistic effect, perhaps because nociceptive pathways are interrupted at different sites with two drugs, namely nerve axons with local anaesthetic and spinal opioid receptors with opioids. Brennum et al demonstrated that epidural morphine was relatively more effective for pain induced by prolonged stimuli whereas epidural bupivacaine was relatively more effective for pain induced by short-lasting stimuli 22 . Maves and Gebhart demonstrated conclusively in rats that potentiation of an opioid effect can result from local anaesthetic without intrinsic nociceptive effect 23 . Brennum et al put forth a hypothesis that local anaesthetic potentiates the opioid effect when administered in lower concentrations and the pre-emptive effect of morphine with bupivacaine could have been due to this effect.
To the best of our knowledge this is the first clinical study to show a positive pre-emptive effect using bupivacaine (without intrinsic antinociceptive effect) with morphine in patients undergoing upper abdominal and thoracic surgery. The design of the clinical study is of great importance in testing the preemptive effect of a drug. The intensity and the duration of the nociceptive impulse produced and the level and the type of the block of these afferent noxious stimuli are the two elements that are strongly linked in determining the outcome of such clinical studies 17 . Morphine alone may not have adequately blocked the entire and continuing input of noxious stimuli in our surgical population to show a clear pre-emptive effect. Rats that received pentobarbitone plus morphine treatment and intrathecal bupivacaine before injury had significantly reduced nociceptive responses to deep tissue injury when compared to those that received pentobarbitone and morphine treatment followed by post-injury treatment with bupivacaine 24 . Wilson et al and Pryle et al studied the effect of pre-emptive analgesia in patients undergoing lower abdominal surgery and found no beneficial effect 13, 15 . Kissin suggested that a pre-emptive effect might not be apparent in surgery with low intensity noxious stimuli 25 . Patients undergoing lower abdominal surgery have less postoperative pain and organ dysfunction than patients undergoing upper abdominal or thoracic surgery 26 . Therefore, the ideal group of patients for study of pre-emptive analgesia may be those undergoing major upper abdominal and thoracic surgery.
The timing of the pre-emptive dose and postincisional dosing could also influence the results. Wilson et al and Katz et al administered a preemptive dose after induction and prior to incision 13, 10 . The postincisional dose was administered after the skin incision in the former and 15 minutes after skin incision in the latter study. Katz et al showed beneficial pre-emptive effects, whereas Wilson et al could not demonstrate any. The postincisional dose given before the end of surgery probably did not block all intraoperative surgical stimuli, and this may explain the conflicting results. In our study, the pre-emptive epidural analgesic dose was given 20 minutes prior to induction while the postsurgical dose was given at the end of the surgery.
Dahl et al administered a continuous epidural infusion of bupivacaine and morphine after major upper abdominal surgery 14 . Pain was evaluated at regular intervals, and since the patients received analgesia regularly irrespective of their pain score, they could have received a dose when not in pain. Their total dose requirement was therefore not a true indicator of postoperative pain relief. Wilson et al 13 , Pryle et al 15 and Katz et al 10 used patient controlled analgesia (PCA), thus titrating analgesic doses to the needs of the patient. However, mood and level of anxiety may significantly influence PCA drug use. Titrating the analgesic doses by intermittent assessment and drug administration by an independent investigator are not influenced by these patient factors and may reflect the postoperative analgesic requirement and postoperative pain more accurately.
The time for first analgesic requirement was used as an index of postoperative pain intensity by Eljersen et al while evaluating pre-emptive analgesia 7 . The timing of last dose of intraoperative analgesic, which is variable, may influence the assessment of pain relief. The time course of postoperative pain is longer and hence time for first analgesia will not be a sole indicator of postoperative pain. In our study, all four groups showed similar time for first analgesia requirements.
The duration of evaluation of postoperative pain could influence findings. The time course of postoperative pain in surgical patients is variable and the duration of pre-emptive effect on postoperative pain is not known. Hence proper evaluation of a pre-emptive effect should involve the assessment of pain preferably until the time when postoperative pain needs no analgesic intervention. Pasqualucci 28 . The inconsistent results of these studies may have been due to incomplete and inadequate evaluation of a pre-emptive effect, because the postoperative pain was assessed for a predetermined period. In the postoperative period, the secondary inflammatory phase of tissues may generate noxious stimuli. These stimuli can bombard the central nervous system and increase excitability, but the duration of generation of such stimuli is unknown. We hoped that by titrating analgesia to a consistent pain score of 4 or less, these inputs might be prevented from causing central excitability in the postoperative period. Our patients were provided with adequate analgesia and followed up until such time that they no longer needed analgesic intervention.
In conclusion, morphine with bupivacaine 0.1% is effective as a pre-emptive analgesic when administered epidurally prior to incision. The combination of morphine and bupivacaine appeared more effective than morphine alone. Such observations may only be apparent when patients undergo more painful surgical procedures and are subject to follow-up of long duration.
